Abstract Exposure to adversity in childhood (adverse childhood experiences [ACEs]) is linked to a number of chronic diseases in adulthood, yet there is limited research examining the impact of ACEs on diabetes. The current review sought to examine the association between ACEs, other trauma exposure or posttraumatic stress disorder (PTSD) diagnosis, and risk for diabetes. Thirty-eight studies are reviewed. Unlike in other diseases, several studies in diabetes show a thresholdresponse versus a dose-response relation, while other studies show a relation between greater abuse severity and diabetes risk. There were mixed results for studies examining abuse type and frequency. Chronic or comorbid PTSD was also related to increased diabetes risk among veterans, but in community samples, only trauma exposure predicted diabetes risk. While the research is still limited, diabetes researchers and clinicians should consider screening for ACEs and examine severity and frequency across abuse type as a predictor of both diabetes and poor diabetes outcomes.
Introduction
Childhood adversity presents a major public health challenge. Exposure to abuse, neglect, and family dysfunction in childhood not only curtails healthy emotional, behavioral, and physical development, but contributes to morbidity and mortality in adulthood [1] [2] [3] . The Biological Embedding of Childhood Adversity Model provides an explanation for this phenomenon [4] . Specifically, this model posits that childhood stress arising from poverty or maltreatment programs cells with pro-inflammatory tendencies, causing exaggerated cytokine response to challenge and decreased sensitivity to inhibitory hormonal signals and hormonal dysregulation leading to problematic behaviors (e.g., impaired self-regulation, unhealthy lifestyle choices). These factors, together with other exposures and genetic liabilities, provoke chronic disease in adulthood. For example, exposure to childhood adversity has been linked to obesity, autoimmune disease, heart, lung, and liver disease, skeletal fractures, and cancer [1] . Yet, the effect of childhood adversity on both the development and control of type 1 (T1DM) and type 2 diabetes mellitus (T2DM) is rarely considered in either research or practice. Although identifying factors linked to diabetes and suboptimal glycemic control is a priority for the field [5] , exposure to childhood adversity has largely been excluded as a potential predictor due to the difficulty of comparing and interpreting findings across multiple disciplines and differing methodologies. As such, there remain a number of gaps in the literature and a need for research into this relation.
The purpose of this review was to provide an overview of the association between adverse childhood experiences (i.e., abuse, neglect, family dysfunction, and other potentially traumatic events) and risk for diabetes. Due to the small number of studies conducted in this area, and the potential of studies examining posttraumatic stress disorder (PTSD) to bring insight to the child adversity/diabetes connection, participants who experienced war, combat, or an unspecified adverse event were also included. Twenty-two studies investigating adversity, maltreatment, or exposure to war in childhood and 16 studies examining PTSD were identified and are discussed more extensively below (see also Table 1 for review of recent studies).
Prevalence of ACEs
Results of a large national sample indicated that one in four children in the USA experience some type of child maltreatment in their lifetimes [6] . Specifically, in 2012, the data reveal that 678,810 US children were victims of substantiated maltreatment [7] , although this is likely an underestimate of the true number. Moreover, of those whose cases were substantiated, 75 % experienced neglect, 18.3 % experienced physical abuse, and 9.3 % experienced sexual abuse, while some children experienced multiple types of abuse [7] . When analyzed based on adverse childhood experiences (ACEs), one study found that 67 % of children served by an urban health center reported at least 1 ACE and 12 % reported four or more ACEs [8] . Another study found 44-52 % of adults reported at least 1 ACE prior to age 18 and between 6-15 % reported four or more ACEs [1, 13••, 15] . These findings demonstrate that ACEs are prevalent in the broader population and if applied to diabetes suggest ACEs may be at least as prominent in the lives of people with diabetes as depression (14 % of youths and 12-13 % of adults) [9] [10] [11] and low socioeconomic status (14-19 % of T1DM families) [12] . Thus, suspected high rates of ACEs and the likelihood of detrimental, lifelong problems provide the impetus for examining abuse, neglect, family dysfunction, and other traumatic events in the context of persons with diabetes.
ACEs and Risk for Diabetes
Interest in chronic health conditions of adults maltreated as children has burgeoned in recent years, beginning with the landmark Adverse Childhood Experiences (ACE) Study [1] . This study and subsequent studies asked participants about exposure to multiple types of childhood adversity (see Table 2 ). Participants received a score of 1 if they experienced 1 or more events in the selected category; the highest ACE score possible being 7, which would indicate exposure to an event in all 7 categories. Overall, results found that as the number of ACEs increased, so did patients' risk for obesity, heart disease, cancer, autoimmune disorders, and depression; however, there was no dose-response relation for any diabetes (incorporating T1DM or T2DM, as the study did not specify [19] 444 African American adults (≥18 years) with T1DM
ACEs associated with CVD incidence; each additional trauma resulted in 23-40 % increase in odds of incident CVD. No association between ACEs and HbA1c, insulin dose, or retinopathy severity diabetes type). Instead, patients experienced a higher risk of any diabetes once they endorsed at least four ACEs (OR = 1.6; 95 % CI = 1.0-2.5) with no change in risk despite increasing reports of ACEs. These results have been duplicated by other large trials. For example, in a study completed in England, findings demonstrated that endorsing four or more ACEs significantly increased the odds of any diabetes (OR = 2.99; 95 % CI = 1.90-4.72), while endorsing less than four did not [13••] . Endorsing four or more ACEs was related to significantly greater odds of any diabetes in Saudi Arabian adults as well (OR = 2.1; 95 % CI = 1.0-4.5); however, the odds ratios for less than four ACEs were not reported, so it is unknown if less exposure was also related to diabetes [14] . Similarly, in a study of ten countries, experiencing one or two ACEs did not significantly increase the odds of any diabetes, but three or more ACEs did (HR = 1.59, 95 % CI = 1.20-2.09) [15] . In a large study, researchers found that endorsing one to three or four to six ACEs was associated with significantly greater odds of any diabetes compared to those who endorsed no ACEs, but endorsing seven to nine ACEs was not [16•] . Interestingly, this argues against a threshold-response relation between ACEs and diabetes, as those adults who endorsed the greatest number of ACEs had lower odds of diabetes. However, it should be noted that while the increased odds of diabetes in people with seven to nine ACEs was not significant at the 0.05 level, the 95 % confidence interval was 1.0-2.1, suggesting a trend toward significance. Moreover, this nonsignificant finding may also have been due to the smaller sample size in the group who endorsed seven to nine ACEs (i.e., only 2.6 % of the sample, compared to 40.6, 44.1, and 12.7 % who endorsed none, one to three, and four to six ACEs, respectively).
Finally, in an expansion of the ACE model, Husarewycz and colleagues asked adult participants about 27 categories of trauma exposure [17••] and found that experiencing a greater number of traumatic events, or injurious trauma, psychological trauma, or witnessing trauma significantly increased the odds of any diabetes in models adjusted for demographics, mental disorders, and the other trauma (e.g., controlling for injurious trauma in psychological trauma model). This was one of the few ACE studies to control for abuse-related variables. Unfortunately, exposure in childhood was not differentiated from exposure in adulthood; therefore, it is impossible to ascertain whether number of adverse events endorsed or developmental period in which the adversity took place contributed to outcomes.
ACE studies have traditionally examined multiple chronic conditions, but several diabetes-specific investigations allow greater insight into the relation between ACEs and diabetes. One study that included youths with T1DM (M [25] War zone defined as six northern regions of Israel that were under missile attacks; non-war zone defined as other 14 central and southern regions of Israel Scott et al. [15] Eleven ACE domains: physical and sexual abuse; neglect; parental death, divorce, or other loss; parental mental disorder, substance use, criminal behavior, family violence, and family economic adversity Rich-Edwards et al. [33] Revised Conflict Tactics Scale; sexual abuse items from national survey conducted in 1995 Roy et al. [19] Childhood Trauma Questionnaire; yields scores for emotional, physical, and sexual abuse; physical and emotional neglect age = 10.73 years, SD = 3.62 years) and a control group of youths (recruited during a hospital encounter for an acute event) [18] , asked parents to complete a negative life events questionnaire. The authors found a higher number of negative life events reported by parents of children in the T1DM group versus parents of controls. But in this study, only parental abuse was significantly associated with diabetes in the multivariate model (OR = 2.63, p < 0.05) until timing of adversity was included (OR = 1.93, p = 0.18). Thus, study findings provide further insight into the relationship between ACEs and diabetes by suggesting that parental abuse, more so than other adversities, may place susceptible youth at an increased risk for developing T1DM. In a study examining the incidence of cardiovascular disease (CVD) in African American adults with T1DM, findings showed a significant association between the number of trauma categories endorsed and a 6-year incidence of any CVD after adjusting for other risk factors (i.e., age, body mass index, and blood pressure) [19] . In fact, each additional type of childhood trauma endorsed resulted in an increase in the odds of CVD. However, there was no significant association between number of ACEs and participants' hemoglobin A1c (HbA1c), insulin dose, or retinopathy severity, suggesting that ACEs do not affect glycemic control in adults, which may be related to other factors that are closer in time or relevance to diabetes (e.g., adherence). In the future, a study examining the effects of ACEs on glycemic control in children, adolescents, and adults is needed, as well as a model that includes well-studied predictors of glycemic control in order to parcel out the unique effects on glycemic control related to childhood adversity.
One study examined T2DM in relation to ACEs using a low-income minority sample of patients in a primary care clinic (86.7 % black; 50 % with >4 ACEs) [20•] . While none of the ACE subscales were individually associated with T2DM, the total ACE score was found to be a strong predictor of a T2DM diagnosis, even over the impact of age (b = 0.104, p = 0.28; OR = 1.109; 95 % CI = 1.01-1.22). This finding again suggests that cumulative trauma exposure is more important than specific trauma type, particularly for T2DM, and is consistent with the previously mentioned Biological Embedding of Childhood Adversity Model [4] . Alternatively, because trauma exposure is known to increase risky health behaviors, which in turn may translate into obesity and other medical conditions at lower thresholds, it is possible that obesity mediates the relation between maltreatment and diabetes [21] , explaining why diabetes is not observed until greater levels of trauma exposure are reported.
Abuse Categories and Diabetes Risk
In contrast to the ACE research, a number of studies have surveyed participants about discrete categories of abuse (e.g., sexual abuse only). The first study asked adults in a primary care clinic to self-report whether they had received a diabetes diagnosis and whether they had been sexually or physically abused as a child, or experienced domestic violence as an adult [22] . One-hundred and thirty adults participated, with 65 reporting abuse/violence and 4 reporting a diabetes diagnosis. Patients with a history of abuse were significantly more likely to report any diabetes (χ 2 = 4.13, p = 0.042). However, patients with diabetes more commonly reported a history of domestic violence versus childhood abuse, suggesting risk of diabetes could increase with more recent stressors. Yet, this study was limited due to its small number of individuals with diabetes, the use of only self-report for diabetes diagnosis, and the cross-sectional methodology, leading to some reservations regarding its generalizability.
A more representative, prospective study assessed presence of abuse through Child Protective Services case file reports, and found that having an abuse history predicted any diabetes in adulthood (i.e., HbA1c ≥ 6) (OR = 1.93; 95 % CI = 1.12, 3.32) and continued to be predictive of diabetes even after controlling for age, race, and gender [23] . Furthermore, when abuse categories were examined separately, physical abuse and neglect were related to greater odds of HbA1c ≥ 6, but not sexual abuse. In another study, adults who had experienced emotional abuse (OR = 3.4; 95 % CI = 1.9-6.4), physical abuse (OR = 2.8; 95 % CI = 1.2-6.4), and severe physical abuse (OR = 3.4; 95 % CI = 1.2-9.4) by their mother had significantly higher rates of any self-reported diabetes [24] than adults reporting none of these.
Although not specific to abuse, one study found that the incidence of T1DM in youths significantly increased in the northern region of Israel following the Second Lebanon War compared to the incidences in pre-war years and in non-war zones [25] , thus giving some credence to the importance of investigating the impact of trauma on T1DM development. Similarly, in two studies of children in Belgrade, Bsevere stressful life events^and Bminor stressful life events^were significantly related to increased risk for T1DM; however, the categorization of events into these categories were highly subjective, potentially casting some doubt on the association between trauma and diabetes [26, 27] .
To date, two studies have failed to find a relation between abuse and diabetes altogether [28, 29] and two have found differing results by gender [30, 31] . Notably, these studies measured discrete abuse categories versus cumulative trauma, which is suspected to have a greater effect on diabetes risk, thus rendering the negative findings less surprising. One study examined a number of chronic diseases in a sample of adults who had been physically abused as children, but this study found no relation between physical abuse and any diabetes [29] . Another study found that physical and sexual abuse were not related to greater odds of any diabetes, although exposure to neglect was (OR = 2.2; 95 % CI = 1.1-4.4) [28] . In another study, men who reported having a substance-using father had significantly greater risk for diabetes (i.e., T2DM or HbA1c ≥ 6) after adjusting for socioeconomic status, smoking, drinking, diet, physical activity, and adiposity than men who did not report a substance-using father [30] . Uniquely, in this study, no other forms of abuse or neglect were related to diabetes in men or women. In a sample of adults recruited from primary care (53 % diagnosed with anxiety disorder), participants were surveyed having about nine trauma types [31] . Similar to the Husarewycz study, the survey did not differentiate between childhood and adulthood exposure, but the study found significantly increased odds of diabetes in men who endorsed any trauma or any assaultive trauma, save sexual trauma, and no association between trauma and diabetes for women.
Abuse Categories with a Focus on Severity, Frequency, and Timing
Moving beyond measuring whether a certain type of abuse did or did not occur, a handful of studies have inquired about severity (i.e., how bad an abuse event was) or frequency (i.e., how many times the abuse event happened). As an example of the former, female participants were surveyed about the occurrence of child sexual abuse (CSA), further defined by severity (six levels, ranging from non-contact abuse to sexual intercourse), as well as the occurrence of child physical abuse and the occurrence of adult physical or sexual abuse [32] . The researchers found that the odds of any diabetes were significantly greater for women who experienced genital-contact CSA when compared to a group that comprised women reporting either non-genital CSA or no CSA (OR =0.38, CI = 0.33-0.43, p = 0.02), but no effect when diabetes was examined in relation to the frequency of abuse events.
Severity of abuse emerged as an important factor in another study examining physical (CPA) and sexual abuse (CSA) in childhood and risk of T2DM in adulthood [33] . Specifically, while mild CPA was not associated with increased risk of T2DM, moderate and severe CPA was associated with increased risk of diabetes and mild, moderate, and severe CSA was associated with higher risk. Interestingly, after controlling for adult BMI, smoking, and alcohol use, the researchers only found severe CSA to be significantly associated with increased risk for diabetes. But in the case of women who had experienced both CPA and CSA, the risk of diabetes was the highest even after adjusting for covariates. The authors suggest that it may be that individuals who experience both CPA and CSA may also suffer more severe abuse. Taken together, study findings suggested that severity of CPA and CSA may have dose-response associations with risk of T2DM in women and that this relationship may be especially evident for CSA after controlling for various health risk behaviors.
In addition to abuse severity, the frequency of abuse may also be related to diabetes risk. For example, in one study, men who reported experiencing CSA three or more times had 3.63 times greater odds of any diabetes than men who did not report sexual abuse (95 % CI = 1.53-8.62) [34•] . Further, the magnitude of the association remained similar after adjusting for other forms of child maltreatment and covariates. Although there was no significant association for women, experiencing one to two occurrences of neglect incurred greater risk of prediabetes, even after covariates and BMI were added to the model. Thus, it appears that recurrent CSA among men may be a potential risk factor of diabetes in adulthood.
Finally, one study examined the timing of adversity exposure. In this study [18] , researchers found a higher risk for T1DM if any adverse event occurred within the 2 years prior to the T1DM diagnosis. However, when the negative events were grouped by category, only parental abuse was found to be significantly more common among youths with T1DM than controls and no difference was found if timing was included in this model. These findings suggest an association between timing of adversity exposure and T1DM. Future research may consider the role of developmental timing in the association between adversity exposure and diabetes onset, given that developmental maturity may influence individuals' interpretation and emotional understanding of an event.
In short, the studies of severity and frequency of abuse largely mirrored the ACE findings: more adversity, whether it be due to multiple categories of abuse events, more severe abuse, or more frequent abuse, was associated with greater risk for diabetes. Future studies should examine these three constructs concurrently, as well as timing of adverse events and other abuse-related variables, such as the individual's relationship to the perpetrator(s), appraisal of adverse events, and coping in response to the events to determine how adversity affects a person's diabetes risk.
PTSD and Diabetes Risk
Post-traumatic stress disorder (PTSD) has been reported to affect 5-10 % of the US population during their lifetime [35, 36] and has been linked to numerous health problems including the development or exacerbation of diabetes [37, 38] . PTSD is thought to be a risk factor for diabetes by prolonging activation of the body's stress response system (i.e., the hypothalamic-pituitary-adrenal [HPA] axis, nervous system, and immune system) [38, 39] . Further, numerous healthrisk behaviors such as poor sleep, obesity, sedentary behaviors, and substance use are thought to contribute and/or exacerbate the development of diabetes among individuals with PTSD [37] .
Interest in the relationship between PTSD and diabetes has focused primarily on veteran populations and has generally demonstrated that PTSD symptoms serve as an important risk factor of diabetes [40] [41] [42] [43] [44] [45] . For example, a prospective study following US military services members reported a diabetes (type 1 or type 2) incidence of three per 1000 persons/years and results further revealed that, after accounting for demographic characteristics and numerous psychiatric conditions, baseline PTSD symptoms were the only significant predictor of diabetes [45] . Research has also shown in a large retrospective study of Vietnam veterans that among those veterans with PTSD, depression was the best predictor of poor glycemic control [43] . Finally, studies have shown a mediating role for risky behaviors, including sedentary behavior, alcohol and drugs, and overweight, in explaining the relation between PTSD and any diabetes (primarily type 2) among veterans [43, 44] .
Numerous epidemiological studies have also documented an association between PTSD and diabetes in community samples. The vast majority of these studies either focused on adults with T2DM [46, 47] or failed to specify the diabetes type [48] [49] [50] [51] . However, similar to studies of veterans, findings showed an association between PTSD and diabetes [46, 50] . For instance, Pietrzak et al. found that individuals with PTSD symptoms were more likely to have a diagnosis of any diabetes compared to those with partial or no symptoms of PTSD [50] . Yet, this association diminished when total lifetime trauma exposure was examined, suggesting that lifetime trauma exposure may be a better indicator of subsequent diabetes onset than PTSD among community samples.
More recently, researchers have started to explore whether findings relating PTSD to diabetes risk from community samples extend to unique populations (e.g., racial minorities, [52] , Southeast Asian refugees, [53] , women, [54] , and asylum seekers [55] ). Results of these studies have been largely consistent with previous research, suggesting that PTSD is associated with an increased risk for any diabetes and the association is stronger when PTSD is chronic [54] or comorbid [55] . However, no association between PTSD and diabetes was found among Southeast Asian refugees [53] , a discrepancy which could be explained by the assessment of trauma symptoms versus PTSD, and which did not allow the authors to differentiate among those with full and partial symptoms of PTSD. Still, the findings from Pietrzak et al.'s study ultimately point toward the importance of more severe or chronic trauma in dictating diabetes risk [50] .
Conclusion
Adverse childhood experiences are common and may be linked to the development of a number of chronic conditions in adulthood as well as some conditions in childhood. Links between ACEs, cardiovascular problems, and obesity have been widely explored. Diabetes, however, as one of the most common diseases in children and adults, must also be examined. Further, understanding risk factors related to the development of diabetes and poor glycemic control is an important goal for the field, and child adversity may be one such risk factor.
The ACE studies provide evidence for the Biological Embedding of Stress model, or the notion that stress accumulates in the body from cumulative abuse or stress, and disease emerges once a certain threshold has been reached. In these studies, it was persons who experienced the greatest number of ACE categories who were at greater risk for diabetes versus persons who experienced no adversity, or less adversity. In contrast, other studies supported the notion of a discrete category of abuse (e.g., sexual abuse only) increasing the risk of diabetes, contradicting the theory that there is a threshold to the number of abuse categories needed to be experienced before the odds of diabetes are increased. However, these results are mixed, and vary by type of abuse examined or gender of participant.
Two studies failed to find a significant relation between a discrete category of abuse and diabetes altogether, perhaps because they did not account for the overlap with other types of abuse. That is, many youths exposed to adversity are often exposed to more than one kind of adversity, and cumulative risk likely confers greater probability for poor outcomes than do type of abuse [56] .
Finally, the few studies that included severity, frequency, and timing of abuse in their predictive models of diabetes demonstrated support for a cumulative risk model. Consistent with the ACE findings and the maltreatment literature [57] , in these studies, greater severity was related to increased risk of diabetes. Future studies should emulate these more complete models by measuring severity and frequency across abuse type. Null results may again be explained by examining the severity or frequency of only one abuse type rather than accounting for multiple exposures.
Generally mixed results have also been found when examining the relation between PTSD and diabetes. Although associations were found between these constructs, ACEs may have greater impact on diabetes risk than PTSD diagnosis in community samples, as not all maltreated children develop PTSD [58, 59] . Instead, problems arising from adversity may manifest in different ways for different individuals (e.g., through poor health outcomes). These findings emphasize the importance of asking about exposure to adversities rather than relying on a PTSD diagnosis. It also signifies that pathways from abuse to diabetes may be driven by underlying problems in the stress-response system or through obesity, rather than through mental health problems. However, it is important to note that having chronic PTSD or PTSD comorbid with another disorder had the largest effect on diabetes. In one study, those with partial PTSD symptoms were not at greater risk for diabetes again mirroring ACE findings and the cumulative risk model.
Overall, the literature examining the relation between ACEs and diabetes point to the need for more specialized methodology. In future studies, careful attention is needed to define the sample, the type of adverse event(s), the severity, frequency, and timing of adverse events in relation to diabetes, and the presence of PTSD or other mental disorders (e.g., depression). Studies should use a common ACEs measure, as this would allow for comparisons across studies. Moreover, studies should include both medical records and markers of glycemic control, clarifying diabetes types, and diabetes-related covariates as these will be essential for understanding exactly what the effects of ACEs are on patients' diabetes risk. Finally, a number of moderators and mediators should be included, as well as mechanisms explaining the pathway between the experience of ACEs and trauma (e.g., obesity versus stress-related changes to the endocrine system).
Despite the limitations of the studies reviewed, and the need for longitudinal studies to determine causation, ACEs appear to be a construct relevant to diabetes care. For example, the current findings indicate that practitioners should assess for abuse history with every patient and work to minimize risky health behaviors and increase stress management techniques to reduce the risk of developing diabetes in children and adults who have experienced adversity. The studies included in this review provide the foundation for future research to explore the mechanisms underlying pathways from ACEs to diabetes (e.g., risky health behaviors, obesity, stress response system dysfunction) allowing for development of more specific targets for intervention. Understanding the association between adverse childhood experiences and diabetes may aid in prevention and intervention efforts, ultimately reducing the high rates of mortality and morbidity associated with trauma exposure.
Finally, diabetes practitioners should assess for ACEs in their patients to better understand potential contributors to the disease, and to have more complete information about the individual's social environment, as childhood adversity could be related to problematic diabetes outcomes (e.g., worse adherence, higher HbA1c values). In addition to more common screening assessments of depression or anxiety, diabetes practitioners might also assess for PTSD, specifically in individuals who endorsed ACEs, as presence of the disorder could worsen diabetes outcomes or complicate treatment. Only one study to date has examined specific diabetes outcomes in relation to abuse, therefore, more research is needed to determine whether associations exist, particularly in children. These studies may identify new targets for treatment, including greater support for daily self-care, family and individual psychotherapy, and frequent clinic-based contact.
